ABSTRACT Extaceliular components released from mycelia of the a and , races of the bean pathogen, Coletotrchum liademuthiaaum, inhibited proton uptake in sealed vesicles prepared from bean hypocotyls. Differential sensitivity of ATP-driven proton transport to nitrate, vanadate, N,N'-dicyclohexylcarbodilmide, diethylstilbestrol, and oligomycin suggested the vesicles were enriched for tonoplast. Anion stimulation of proton transport, by enhancement of ATPase activity and dissipation of the membrane potential, was consistent with this conclusion. Although fungal components inhibited the formation of a pH gradient, the membrane potential was unaffected and the ATPase activity slightly stimulated. These data suggest that the fungal components produce an electroneutral proton exchange. Proton (18) . Hypocotyls (100 g) were homogenized with a mortar and pestle in 100 ml of medium containing 250 mm sorbitol, 15 mm 13-mercaptoethanol, 0.5% (w/v) BSA, 5% (w/v) polyvinylpyrrolidone (PVP-40), 25 mm sodium metabisulfite, 70 mm Tris-HCl (pH 8.0), and 4.0 mm DTE. The homogenate was filtered through cheesecloth and centrifuged at 1 3,000g for 15 min. The supematant was centrifuged at 80,000g for 30 min. The microsomal pellet obtained was gently resuspended in 4.5 ml of 250 mm sorbitol containing 1 mm bis-trispropane-MES (pH 7.2) and 1 mM DTE. This suspension was layered onto a 10% (w/v) dextran (T 500 Pharmacia) -cushion prepared in the same medium and the discontinuous dextran gradient was centrifuged at 11 5,000g for 2 h. The material at the dextran interface was removed with a pasteur pipette and stored at -80°C. Protein concentrations of membrane preparations were determined by A280. Assay mixtures contained 0.1% SDS and BSA was used as the standard. The level of BSA in the homogenization medium was determined and subtracted from protein measured in the homogenate. 
depolarization ofthe membrane potential (21) , increased electrolyte leakage (3, 22) , and profound ultrastructure changes in the plasmalemma and tonoplast membranes (9) .
Our preliminary studies have demonstrated that extracellular products from C. lindemuthianum affect the function of the plasmalemma (10) and tonoplast of bean cells (11, 16) . Changes in the function of either membrane could result in necrosis of the cells and may participate in compatible or incompatible plant-microbe interactions. In this paper, we further characterize the effect of C. lindemuthianum extracellular products on bean tonoplast activities. Although tonoplast-enriched sealed vesicles have been isolated from several plant sources (4, 15, 19) , preparations from bean are uncharacterized. Consequently, properties of ATPase related functions in bean membrane preparations were investigated. We also determined whether the observed inhibition of proton transport in sealed tonoplast vesicles by fungal products correlated with elicitor activity and with differential race-cultivar interactions. These studies involved tonoplast vesicles isolated from the bean cultivar Dark Red Kidney and fungal preparations from the incompatible a race and compatible ,B race of C. lindemuthianum (2) .
Interaction of plants with microbes frequently results in metabolic changes in plant cells. Toxins and enzymes can alter plant cell structure and function to produce symptoms in a compatible plant. Changes may include altered cytoplasmic and vacuolar volumes as well as increased plasmalemma permeability (5, 14) . A microbial challenge ofan incompatible plant may also produce biochemical responses, termed hypersensitivity, which restrict spread and development of the microorganism. These responses are exemplified in the interaction of bean cultivars with races of the fungal pathogen Colletotrichum lindemuthianum. Large, spreading, necrotic lesions are produced on compatible bean cultivars, whereas hypersensitivity is frequently observed with incompatible cultivars (2 (6) .
Inhibitors and fungal products were added to concentrations specified in "Results." Membrane fractions were incubated for 5 min with fungal products in an assay mixture, from which only ATP was omitted. The reaction mixture was subsequently completed, and the fluorescence changes measured.
Measurement of a Membrane Potential in Sealed Vesicles. (Table I ). In contrast, the proportion of ATPase activity which was inhibited by vanadate and azide, decreased during each fractionation step (Table I) .
Specific activity ofATP-driven proton transport also increased during vesicle purification (Table I) . Ten min was sufficient to reach equilibrium between ATP driven proton uptake and passive proton efflux (Fig. 1 ). NO3-reduced proton transport in the 10% dextran interface vesicle fraction by 95%, whereas V043-had a substantially smaller effect (Table II) . Proton transport was insensitive to oligomycin, whereas DCCD and DES reduced the activities to 67% and 56% of control values, respectively. ATP and PPi were the most active substrates for proton transport in the vesicle preparation (Table III) . GTP was able to drive proton uptake and phosphohydrolase activites to a lesser extent than ATP. ADP was inactive as a substrate for proton transport and phosphohydrolase activity.
Monovalent ions stimulated proton transport in the bean vesicle preparation (Table IV) . Cl-and Br increased proton transport to similar extents, while Na+ appeared to stimulate transport to a greater level than K+. A direct increase in ATPase activity is one mechanism which could account for ion stimulation of proton transport. To investigate this possibility, ion stimulation of the vanadate-insensitive ATPase activity was 
FIG. 2. Effects of NaCl on ionophore reversible quenching of quinacrine (E) or oxonol V (U)
. Membrane vesicles which accumulated at the 10% dextran interface were prepared as described in "Materials and Methods." Assays for relative values of the pH gradient and membrane potential were also performed as described in "Materials and Methods." For assays using quinacrine, the control contained 50 mm NaCl rather than Ka and for assays using oxonol V the control contained no added NaCl. Values of 100% were 56% and 189% ionophore reversible quench per mg protein for quinacrine and oxonol V, respectively. measured in the presence of the proton-channel ionophore, gramicidin D. In the presence of gramicidin D, addition of KCl, NaCl, and KBr increased the ATPase activity. The relative order of stimulation for anions was Cl->Br (Table IV) . However, in contrast to proton transport, ATPase activity was increased to similar extents by K+ and Na+.
Another mechanism which could account for ion stimulation of proton transport arises from dissipation of the membrane potential by anion co-transport. Proton transport produces an electrochemical proton gradient (PMF) which is composed of a membrane potential and a pH gradient (6, 13) . Thus, at a constant PMF, a reduction in the membrane potential would produce an increase in the pH gradient. This interconversion was observed using the bean vesicle preparation. Increasing concentrations of Cl-decreased the relative membrane potential values and increased the relative pH gradient (Fig. 2) .
Effect of MSW on Vesicles from Bean Hypocotyl. Incubation of a and ,B race MSW components with bean vesicles inhibited proton transport. Inhibition was linear with an increasing concentration of the a MSW components above 0.06 MAg carbohydrate equivalent/gg vesicle protein (Fig. 3) . Extensive dialysis lowered Cl-levels in the MSW components to levels below 0.5 mm. This concentration of Cl-did not affect proton transport, and the membrane potential was inhibited by less than 5% (data not shown).
Inhibition of proton transport in sealed vesicles could result from either direct inhibition ofthe ATPase or from a membrane related effect. To differentiate between these possibilities, effects b Membrane vesicles which accumulated at the 10% dextran interface were prepared and assayed for proton transport, membrane potential, and ATPase as described in "Materials and Methods." 50 mm KCI was present in all proton transport and ATPase assays with the exception of the NaCl study where no KCI or NaCl was added for the control and 50 mm NaCl only was added for the treatment. aMSW components were released from a and ft race mycelia and fractionated on DEAE-Sephadex by procedures described in "Materials and Methods." Culture filtrate components were purified from the a race as described in "Materials and Methods." bFungal components were present at concentrations of 100 Mg carbohydrate equivalents/ml and vesicles were present at 200 Mg/ml protein. Parenthetic numbers are % of control values. Proton transport assays were conducted using membrane vesicles isolated from Dark Red Kidney hypocotyls as described in "Materials and Methods." For the control, water replaced fungal components.
of a MSW components on proton transport, membrane potential, and ATPase activity were determined. The addition of a MSW components inhibited proton transport, had little effect on the membrane potential, and slightly stimulated ATPase activity (Table V) (Table VII) .
DISCUSSION
The vanadate, nitrate, and azide sensitivity of the ATPase activity detected in the bean vesicles suggests that these preparations (Table I) were enriched for tonoplast (6) . Differential sensitivity of proton transport to DCCD, DES, and oligomycin are consistent with this conclusion (6).
Anion stimulation of proton transport observed in the bean vesicles is characteristic of tonoplast vesicle preparations from other plants (4, 6, 19 neither the counter ion nor the mechanism for the MSW effect has been resolved. The inhibition of tonoplast proton transport was observed in Dark Red Kidney with products from an incompatible and a compatible race of a bean fungal pathogen. Con- sequently, inhibition of tonoplast function was not correlated with race specificity. Impaired tonoplast function caused by these fungal components could as well contribute to plant cell necrosis in lesion formation with a compatible race as to cell death that accompanies hypersensitivity in an incompatible interaction. Indeed, the fungal fractions which were strongest inhibitors of proton transport were not the fractions which had highest elicitor activity. Similarly, fractions purified from the a race culture filtrate were active as elicitors but did not inhibit proton transport in the tonoplast vesicles. These data suggest that elicitor activity need not be correlated with an ability to impair proton transport of the plant tonoplast. Fungal pathogens apparently produce a battery of components which have the potential to alter plant cell function. The significance of each class of components in the plant-microbe interaction awaits elucidation.
